K. M0RIM0T0 and M. SATO [Vol. 51, the whole nerve was led to an amplifier connected with an integrator of a time constant of 0.5 sec,4~ and recorded with a pen-writing recorder.
For stimulation a taste solution of about 30 ml was applied through a tube of 5 mm in diameter over the surface of the tongue. For adaptation and rinse of the tongue, 0.01 M NaCI solution was used. Varying concentrations of NaCI, KC1, CaCl2, quinine hydrochloride and HC1 were used as stimuli. Quinine, HC1 and CaC12 were dissolved in 0.01 M NaCI solution, while NaCI and KC1 were in deionized water.
The glossopharyngeal nerve response to light touch of the tongue surface with a plastic rod was recorded and used as a control response. The rod was fixed on the arm of an electromagnetic relay, and was driven by rectangular electric pulses of 5 msec in duration at a rate of 4/sec for 20 sec.
L-Noradrenaline HC1 (NA), DL-adrenaline (AD), dopamine (DP), phentolamine, dicrollo-iso-proterenol (DIP), tyramine and 6-hydroxydopamine, dissolved in Ringer's solution just prior to the experiment, were applied through the lingual artery.
Results. When AD, NA or DP was perfused through the lingual artery, impulse discharges were elicited in the glossopharyngeal nerve. The discharges persisted for the period of perfusion with NA ( Fig. 1-A) , but appeared only transiently with AD and DP ( Fig.  1-B) . Though no exact dose-response relation could be obtained and Taste  Organ   349 the threshold concentration for inducing the response differed from 10-5 to 10-9 g/ml according to a preparation and the drug, the effect of NA was most definite and was observed in about 70% of the experiments.
When tyramine (10-5 g/ml) and 6-hydroxydopamine (10-4 g/ml), which cause the transmitter action through the liberation of a catecholamine from the sympathetic nerve terminals,5~,6~ were injected into the lingual artery, the spontaneous activity of the glossopharyngeal nerve was gradually enhanced, reached a maximum within a minute after the perfusion, and diminished with time as shown in Fig. 1 -C. After reserpine had been injected intraperitoneally 16 hr before the electrophysiological experiment, taste nerve responses were examined, but no significant change in responses in the reserpinized frog was observed. However, when reserpine plus a-methyl-p-tyrosine were injected, significant diminution in taste nerve responses was demonstrated in the frog (empty circles in Fig. 2 ). Subsequently the tongue was perfused with Ringer's solution after the measurements. The responses (filled circles) were enhanced by the perfusion probably because of the improvement of circulation, but both the threshold and the response magnitudes for the four taste stimuli were still low compared with those of the control group, while perfusion with Ringer's solution containing NA caused a gradual recovery in the taste responses. In Fig. 2 , taste responses obtained 2 hr after the perfusion of 10-4 g/ml NA are shown by triangles.
As shown in Fig. 3 , phentolamine, one of the a-blocking agents, at a moderate concentration (10-6 g/ml) diminished taste responses reversibly, but scarcely affected tactile responses. On the other hand, DIP, a a-blocker, did not specifically affect the taste responses, and diminished both taste and tactile responses at a concentration of 5 x 10.4 g/ml. Such an effect of DIP on taste and tactile responses would be caused by its local anestetic action.7~ Discussion.
Landgren et al.,8~ applying drugs to the surface of the frog's tongue, found that high concentrations of anticholinesterases increased the spontaneous activity in the lingual nerve, that tubocurarine reduced the response of taste receptors to gustatory stimuli, and that Ach in appropriate doses increased the taste sensi- Taste  Organ  351 tivity. Based on these results they suggest that Ach is concerned with the initiation of impulses at chemoreceptors. On the other hand, Duncan9> considered it unlikely that cholinergic transmission operates at the synaptic connection between the taste cell and its afferent neurons, because, when the frog tongue was perf used through the lingual artery with inhibitors for acethylcholinesterase, the concentrations of esterase inhibitors at which a block of taste sensitivity can be obtained are very high. Therefore, the effects of Ach and its related substances so far demonstrated do not seem to provide clear evidence indicating that Ach is a mediator for the transmission from the taste cell to the nerve terminal.
DeHan and Graziadei2~ suggest a possibility that Ach might be related to the trophism of the taste organ, because existence of positive cholinesterase activity was demonstrated histochemically along the nerve bundle running the length of the stalk of the fungiform papilla and in the branches in the plexus just below and the lower third of the sensory disc. On the other hand, they showed that catecholamine is stored in synaptic granular vesicles which accumulate at the membrane of the cytoplasmic processes of the sensory cells in typical chemical synaptic complexes, and reasoned that catecholamine is the neurotransmitter most likely involved in the mediation of impulse transmission from taste cells to the sensory nerve fibers in the frog.
In the present experiments it has been shown that, NA when perfused through the lingual artery of the frog, induces persistent discharges in the taste nerve but not other catecholamines, and that the NA threshold concentration is as low as that necessary for the transmission in other adrenergic synapses.
In addition, catecholamine releasing agents were found to induce a response in the taste nerve.
Although DeHan and Graziadei2~ showed diminution of fluorescence of catecholamine in the taste organ of the reserpinized frog, depression of taste responses was scarcely observed in reserpinized frogs in the present study. This may be partly due to the difference in the method of drug injection; reserpine was injected in dorsal lymph sac by DeHan and Graziadei while intraperitoneally in the present experiment. However, this would not be sufficient to explain the difference in results between the two experiments.
One plausible explanation would be that the amount of catecholamine stored at the synaptic site would be much more than that necessary for synaptic function, and therefore that diminution of a certain amount of catecholamine in the taste organ would not appreciably affect the synaptic transmission from taste cells to nerve terminals.
[Vol. 51, DeHan and Graziadei2~ found that monoamine fluorescence in the taste papilla completely disappeared when reserpine and a-methylp-tyrosine were injected simultaneously into the frog. In the present experiment also simultaneous injection of reserpine and a-methyl-ptyrosine caused significant depression of taste response. The diminished taste responses were restored to some extent by the perfusion with Ringer's solution containing NA. This may be due to uptake of NA by taste cells from the perf using fluid.
Taste nerve responses were depressed by 10-0 g/ml phentolamine (a-blocking agent), but not depressed by DIP (p-blocking agent) at a concentration of less than 10-5 g/ml, although the latter showed a local anesthetic action at a high concentration.
The results described above fill the criteria for suspected transmitter,10~ i.e. "presence of transmitter", "identity of action", and "pharmacological identity" . Therefore, from the results obtained in the present study and other evidence discussed above we conclude that NA is a most likely transmitter involved in the transmission from taste cells to sensory nerve terminals in the frog.
